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) A polyoxymethylene multi-copolymer having spherulites and obtainable by copolymerizing 

(a) trioxane, 

(b) at least one cyclic ether or formal compound chosen from ethylene oxide, 1 ,3-dioxolane, 1 ,3-dioxepane, 
1 ,3.5-trioxepane and 1 ,3,6-trioxocane, and 

(c) at least one compound chosen from glycidyl phenyl ether, styrene oxide and glycidyl naphthyl ether, is 
characterised in that the number average molecular weight of said polyoxymethylene multi-copolymer is from 
10.000 to 100.000, that the melting point (Tm) and crystallization temperature (Tc) thereof are governed by 
the relationship, 

Tm-Tc< 15 fC) . . u 

and that the size of the spherulites is 10 urn or less, and a resin composition compnsing such a 
polyoxymethylene multi-copolymer and a polyoxymethylene resin, are distinguised in their crystalhnity, 
mechanical strength and surface appearance and are particularly suited for faster cycle molding. 
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POLYOXYM ETH YLEN E MULTI-CO POLYMER AND ITS RESIN COMPOSITION. 



Background of the Invention 

This invention relates to a polyoxymethylene muiti-copolymer distinguished in injection moldability, 
5 particularly its suitability for achieving a faster cycle performance and improved mechanical properties. 

More specifically, this invention relates to a polyoxymethylene multi-copolymer used for injection 
molding which is distinguished in having a faster speed of solidification in the mold in injection molding to 
allow molding with the molding time reduced and also in its mechanical properties on account of the 
smaller size of spherulites present and consequently reduced molding strain. 
io The invention also relates to a polyoxymethylene resin composition distinguished in surface appear- 
ance, crystailinity, mechanical strength and molding efficiency. 

Polyoxymethylene resins are known as engineering plastics well balanced in their mechanical strength 
and impact resistance and are used in a wide range of fields such as for automobile parts and electronic 
equipment parts. 

75 However, polyoxymethylene resins in general have a very high crystailinity due to growth of the 
spherufite structure which as a result produces cracking or internal tension to reduce the mechanical 
strength of moldings produced from the resin. 

Furthermore, the polyoxymethylene resins are generally worked up by injection molding, and in this 
field of injection molding, improvement of the productivity through reduction of the molding cycle or the so- 

20 called faster cycle is urgently called for. 

For improvement of the mechanical strength of the polyoxymethylene resin, it is required to reduce the 
size of spherulites and homogenize the spherulite structure. For achieving a faster cycle, the method of 
accelerating the speed of crystallization and thus the speed of solidification in the mold is effective. For 
implementation of the finer and more homogenous crystalline structure and improvement of the speed of 

25 crystallization, there were proposed various methods of adding nucleating agents selected from inorganic 
compounds. For example, Japanese Patent Publication Nos. SH059-129247 and SH055-19942 disclose a 
method of using a branched or cross-linked polyoxymethylene resin as a nucleating agent, and Patent 
Publication No. SH048-8254 describes addition of an inorganic compound represented by talc as a 
nucleating agent. 

30 However, the resin compositions disclosed in the foregoing Japanese Patent Publication Nos. SH059- 
129247, SH055-19942 and SH048-S254 do not have a sufficiently improved crystallization speed, so that a 
satisfactory improvement in cycle speed would not be expected and the improvement in mechanical 
strength through finer and more homogeneous crystalline structure of the obtainable mold is insufficient. 
Thus, they hardly satisfy the high mechanical strength required for application to electric and electronic 

35 equipment parts and automobile parts. 



Summary of the invention 

40 

The present invention provides a polyoxymethylene multi-copolymer particularly suitable for injection 
molding, allowing improved molding efficiency, in particular allowing a faster cycle performance and 
enabling molded products having improved mechanical properties to be obtained. 

In particular the molded product may have the required crystailinity characteristics to provide the 
45 desired high mechanical strength and may also have excellent surface appearance. 

To achieve this, there is provided, according to one aspect of the present invention, a polyox- 
ymethylene multi-copolymer which is obtainable by copolymerizing: 

(a) trioxane; 

(b) at least one cyclic ether or formal chosen from ethylene oxide, 1 ,3-dioxolane, 1,3-dioxepane, 1,3,5- 
50 trioxepane and 1 ,3,6-trioxocane; and 

(c) at least one compound chosen from the group comprised of glycidyl phenyl ether, styrene oxid and 
glycidyl naphthyl ether, and which is characterised in that the polyoxymethylene multi-copolymer is of a 
number average molecular weight of 10,000 to 100,000, that its melting temperature (Tm) and crystalliza- 
tion temperature (Tc) are governed by the relationship 

Tm -Tc < 15 ( # C) 
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and that the spherulites are of a size of 10urn or less. 

According to another aspect of the present invention, there is provided a polyoxymethyiene resin 
composition comprising 

(A) 100 parts by weight of a polyoxymethyiene resin and 

(B) 0.001 to 100 parts by weight of a polyoxymethyiene multi-copolymer which is obtainable by 
copolymerizing: 

(a) trioxane; 

(b) at least one cyclic ethers or formal chosen from the group comprised of ethylene oxide, i , J- 
dioxolane, 1 ,3-dioxepane, 1 ,3,5-trioxepane and 1,3,6-trioxocane; and 

(c) at least one compound chosen from the group comprised of glycidyl phenyl ether, styrene oxide 
and glycidyl naphthyl ether. 

Furthermore, according to the present invention, there is also provided a molded product manufactured 
from the above polyoxymethyiene muiti-copolyrner, or from a resin composition containing it. 

Description of the Preferred Embodiment 



First, the oxymethylene multi-copolymer will be described. 

20 The ' method of manufacturing the oxymethylene multi-copolymer of the present invention is not 
particularly limited. For example, it can be produced by dissolving or suspending each of the components 
(a), (b) or (c) in an organic solvent such as cyclohexane, in an organic solvent such as cyclohexane, adding 
a Lewis acid catalyst for polymerization, then removing by decomposition the unstable terminals. Prefer- 
ably a method using no solvent at all but a self-cieaning type mixer for bulk polymerization, deactivating 

25 the catalyst with a hindered amine compound, then removing the unstable terminals by decomposition, is 
cited As a Lewis acid catalyst, boron trifluoride. a hydrate of boron trifiuoride. or a coordination compound 
of an organic compound having oxygen or sulfur atoms with boron trifluoride. is preferably used. The Lewis 
acid catalyst is added preferably in an amount of 0.001 to 0.1 part by weight or more preTerabiy in an 
amount of 0 005 to 0.05 part by weight to 100 parts by weight of trioxane. The reaction temperature for bulk 

30 polymerization is preferably 60 to 120° C or more preferably 60 to 90* C. The hindered amine compound 
refers to any of the compounds having a hindered amine skeleton in the molecule such as bis(1 .2,2,6.6- 
pentamethyi-4-ptperidinyl) sebacate. bis(2,2,6,6- tetramethyi-4-piperidinyl) sebacate, succinyl dimethyl-l-(2- 
hydroxyethyl^^^.e-tetramethylpiperidine) poiycondensation product, and l-[2-[3-<3.5-di-t-butyl-4-hydrox- 
yphenylJpropionyloxylethyll-^^S.S-di-t-butyl-^hydroxyphenyOpropionyloxy }-2,2,6,6-tetramethylpipendine. 

35 and it is added preferably in an amount equivalent to 0.1 to 20 nitrogen atoms in the hindered amine 
compound per boron atom in the catalyst. 

The amount of copolymerized component (b), namely at least one cyclic ether or formal compound 
chosen from ethylene oxide, 1 ,3-dioxolane, 1 ,3-dioxepane, 1,3,5-trioxepane and 1,3,6-trioxocane, in the 
polyoxymethyiene multi-copolymer of the present invention, is preferably 0.01 to 20 parts by weight or. 

40 more preferably. 0.1 to 7 parts by weight to 100 parts by weight of the component (a), namely tnoxane. 
When it is less than 0.01 part by weight, the heat stability tends to decrease, and when it exceeds 20 parts 
by weight, it is difficult to obtain a polymer distinguished in mechanical strength, and so such an amount is 
not preferable. 

The amount of copolymerized component (c). namely at least one compound chosen from glycidyl 
45 phenyl ether, styrene oxide and glycidyl naphthyl ether, in the polyoxymethyiene multi-copolymer of the 
present invention, is preferably 0.001 to 10 parts by weight or, more preferably, 0.01 to 5 parts by weight to 
100 parts by weight of the component (a), namely trioxane. When it is less than 0.001 part by weight, the 
effect of improvement for achieving a faster cycle is not appreciable, and when it exceeds 10 parts by 
weight, the impact strength decreases, and so such an amount is not preferable, 
so The polyoxymethyiene multi-copolymer of the present invention is preferably of a number average 
molecular weight of 10.000 to 100,000 when it is independently used for molding. This number average 
molecular weight is obtainable by the Ml value determined at 190* C and under a load of 2190 g according 
to ASTM D1238 with a pellet dried in a 80 # C hot oven using the formula 
Mn = 75000 - 16000 x in (Ml) 
55 Mn: Number average molecular weight 
Ml: Ml value 

When the polyoxymethyiene multi-copolymer is independently used for molding, if the number average 
molecular weight is greater than 100.000, the impact strength decreases, and so such is not suitable. 



3 



EP 0 412 783 A2 



In order for the polyoxymethylene multi-copolymer of the present invention when present by itself to 
enable a sufficiently faster cycle moldability and improved mechanical properties to be achieved, it is 
required that the melting point (Tm) and the crystallization temperature (Tc) of the polyoxymethylene multi- 
copolymer be governed by the relationship 
5 Tm-Tc<15(°C) 

and that the spherulites be of a size of 10um or less. 

If Tm-Tc is 15* C or greater, the speed of solidification in the mold is retarded, resulting in less effect of 
reducing the molding time, and if the size of spherulites exceeds 10um. there remains a considerable 
molding strain after injection molding, resulting in degradation of the mechanical properties. 

io For determination of the melting point (Tm) and crystallization temperature (Tc), the following method 
was employed, namely heating the sample in a nitrogen atmosphere at a temperature increasing from 80 C 
to 220 *C at a rate of 10* C/minute, maintaining the sample at 220 °C for 5 minutes, then lowenng the 
-temperature at a rate of 10* C/minute to measure the crystallization temperature, and thereafter cooling to 
110° C. then raising the temperature at a rate of 10* C/minute to measure the melting point. 

is For determination of the size of the spherulites, the following method was employed, namely holding 10 
mg of the polyoxymethylene multi-copolymer between cover glasses, heating on a hot stage and melting at 
230 *C for 1 minute, then lowering the temperature to 130 # C at a rate of 10° C/minute while observing 
through a polarizing microscope, then photomicrographing the produced crystals to obtain the spherulite 
size. 

20 Next, a polyoxymethylene resin composition in accordance with the invention comprising (A) polyox- 
ymethylene resin and (B) a polyoxymethylene multi-copolymer will be described. 

First, the polyoxymethylene resin (A) will be described. The polyoxymethylene resin (A) used in the 
polyoxymethylene composition according to the present invention is an oxymethylene homopolymer or an 
oxymethylene copolymer comprising 85% by weight or more of an oxymethylene unit or units and 15% by 

25 weight or less of an oxymethylene unit or units having 2 to 8 adjacent carbon atoms. 

The oxymethylene homopolymer may be produced by. for example, introducing substantially anhy- 
drous formaldehyde to an organic solvent containing a basic polymerization catalyst such as an organic 
amine and carrying out the polymerization, then acetylating the terminals with acetic anhydride. 

The oxymethylene copolymer may be produced by, for example, dissolving or suspending substantially 

ao anhydrous trioxane and a copolymeric component such as ethylene oxide, 1.3-dioxolane, 1,3-dioxepane, 
1,3.5-trioxepane or 1 ,3,6-trioxocane in an organic solvent such as cyclohexane and carrying out the 
polymerization with a Lewis catalyst such as boron trifluoride-diethyl etherate added, then decomposing and 
thus removing the unstable terminals. Preferably, there may be employed a method using no solvent at all 
but introducing trioxane, a copolymeric component and a pre-catalyst to a self-cleaning type mixer for bulk 

35 polymerization, then deactivating the catalyst with a hindered amine and removing the unstable terminals by 
decomposition. 

The amount for copoiymerization of the copolymeric component such as ethylene oxide, 1 ,3-dioxolane, 
1,3,5-trioxepane or 1 ,3,6-trioxocane of the oxymethylene copolymer of the present invention is preferably 
0.01 to 20 parts by weight, more preferably 0.1 to 7 parts by weight, for 100 parts by weight of trioxane. 
40 When it is less than 0.01 part by weight, the polymer yield tends to decrease at thermal stabilization, and 
when it is more than 20 parts by weigght, it is difficult to obtain a polymer which is distinguished in 

mechanical strength. . 

The amount of addition of the polymerization catalyst is preferably 0.001 to 0.1 part by weight, more 
preferably 0.005 to 0.05 part by weight, for 100 parts by weight of trioxane. 
45 The temperature for bulk polymerization is preferably within the range of 60 to 120 C, more preferably 
60 to 90* C. After polymerization, it is preferable to deactivate the catalyst with a hindered amine, then 
remove the unstable terminals for decomposition. 

The polyoxymethylene multi-copolymer (B), when it is used for a polyoxymethylene resin composition 
of the present invention containing the above polymer (A), need not have its number average molecular 
so weight. Tm, Tc or spherulite size of the copolymer limited in any way. as it has when it is independently 
used for molding. 

In such a case, the polyoxymethylene multi- copolymer (B) is added as a moldability improving agent 
or nucleating agent of the polyoxymethylene resin (A) so that it is not always required to have a number 
average molecular weight, Tm. Tc and spherulite size enough to form an excellent molded product in its 
55 own right. 

However, it is preferable that the polyoxymethylene multi-copolymer (B) has. if possible, a numoer 
average molecular weight, Tm, Tc and spherulite size as described above, that is, an average molecular 
weight of 10,000 to 100.000 a Tm and Tc governed by the relationship Tm-Tc < 15 ( C) and a spherulite 
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size of lOum or less even when it is used as a moldability improving agent or nucleating agent. 

A polyoxymethylene resin composition of the present invention may be provided by mixing the 
polyoxymethylene Resin (A) and polyoxymethylene multi-copolymer with each other in the form of pellets, 
powder or grains/then directly subjecting the mixture to melting, but a method of melt mixing by means of 

s Banbury mixer, rolls or extruder can also be used. The mixing temperature is preferably 150 to 250 C. 
more preferably 180 to 200' C. 

In the polyoxymethylene resin composition of the present invention, the content of the polyox- 
ymethylene multi-copolymer is from 0.001 to 100 parts inclusive by weight for 100 parts by weight of the 
polyoxymethylene resin. If it is less than 0.001 part by weight, the multi-copolymer fails to provide a 

io satisfactory effect as a nucleating agent, and so a sufficient mechanical strength as well as crystalli2at.on 
speed is not obtainable. 

Polyoxymethylene resin compositions embodying the present invention as described above have a very 
distinguished mechanical strength, well balanced with the impact resistance. Such physical properties are 
provided because the polyoxymethylene multi-copolymer works as a nucleating agent to develop a fine and 
is homogeneous crystalline structure. 

Actually, in the crystalline structure of an injection molded product obtained from a conventional 
polyoxymethylene resin using no nucleating agent, the agent presents a structure of coarse spherulites of a 
size of 150 to 200 microns, but the polyoxymethylene resin composition of the present invention presents a 
fine and homogeneous spherulite structure of 60 microns or less. Furthermore, both Izod impact strength 
20 and tensile strength are improved by 10%. Also, the crstallization temperature is elevated by 2 to 8 C. and 
so the difference between the melting point and the crystallization temperature is reduced to 25 C or less 
when the oxymethylene homopolomer is used as the polyoxymethylene resin, or 18 C or less when the 
oxymethylens copolymer is used as the polyoxymethylene resin, so that it enables a reduction in the 
molding cycle in injection molding to be achieved. 
25 Thus according to the present invention, there is provided a polyoxymethylene resin composition 
having a fine and homogeneous spherulite structure and a high strength in uniform quality, and further it is 
one of the advantages that the classification or purification, which is required when an inorganic compound 
is used as a nucleating agent, is no longer required. 

Also in the polyoxymethylene multi-copolymer or polyoxymethylene resin composition of the present 
30 invention, there may be included, to such as extent that the object of the invention is not hindered, a known 
additive or additives such as an antioxidant such as a hindered phenol, phosphite, thioether or amine type; 
a weathering-proof agent such as a benzophenone. benzotriazole or hindered amine type; a formaldehyde 
scavenger such as melamine. dicyandiamide, a polyamide or a polyvinyl alcohol copolymer; a release 
agent such as a fluorine containing polymer, a silicone oil or j_gol;yethylene wax; a colorant such as a dye 
or a pigment; an ultraviolet ray screening agertt^ich~aslifSriium oxide or carbon black; a re.nforc.ng agent 
such as fiber glass, carbon fiber or potassium titanate fiber; a filler such as silica, clay, calcium carbonate, 
calcium sulfate or glass bead; a nucleating agent such as talc; a flame retardant; aplastjazerian^^a^ 
adhesive agent; and/or a tackifier. Moreoever, in order to further improve the mechanical strength of the 
polyoxymethylene copolymer of the present invention, any other thermoplastic polymer or thermoplastic 
40 elastomer may be incoporated. 
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Examples 



The invention will now be described in more detail with reference to the following Examples. In the 
Examples, the "%" and "parts" are all based on weight The molding cycle and mechanical properties were 
determined as described below. 



o Molding cycle: 

Using an injection molding machine having an injection capacity of 5 ounces (I4.2g). square plates ; of 
80 x 80 x 3 mm were molded with the cylinder temperature set to 190 C. mold temperature to 60 c. 
injection time to 5 seconds and the cooling time changed, and the cooling time at which the deformation 
due to four ejector pins was such that when three vertexes of the mold were placed on a plane, the 
deviation of the remaining one vertex from the plane would be 1 mm or less, was measured. 
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o Molding: 



Using an injection molding machine having an injection capacity of S ounces (14.2g), ASTM No.1 
dumbbell test specimens and Izod impact test specimens were molded, with the cylinder temperature set to 
190* C, mold temperature to 65 'C and molding cycle to 50 seconds, and in the test, the exterior of the 
ASTM No.1 dumbbell test specimens was visually inspected. 



TO 
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o Mechanical properties: 

Using the ASTM No. 1 dumbbell test specimens obtained by the foregoing injection molding, the tensile 
strength was detemined according to ASTM D638, and using the Izod impact test specimens, the 1 mpact 
strength was determined according to ASTM D256. 



o Mi value: 

Using pellets dried in an oven at 80 *C for 3 hours, the Ml value was determined according to ASTM 
01238 at a temperature of 190* C and under a load of 2160 g. 

o Spherulite size: 

The size was measured by placing 10 mg of the polyoxymethylene resin composition between cover 
glasses heating on a hot stage to melt the same at 230* C for 1 minute, then lowering the temperature to 
130' C at a rate of 10* C/minute and observing the produced crystals through a polarizing microscope and 
photomicrographing the same. 



30 o Melting point (Tm) and crystallization temperature (Tc): 

Using a differential scanning calorimeter (DSC) and heating the composition from 80* C to 220 C at a 
rate of 10* C/minute in nitrogen atmosphere, maintaining the temperature at 220 C for 5 minutes, then 
lowering the temperature at a rate of 10* C/minute. the crystallization temperature was measured. Further, 
as cooling to 110* C once, then raising the temperature at a rate of 10 C/minute, the melbng point was 
measured. 
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Examples 1 to 10 and Reference Examples 1 to 5. 

Continuous polymerization was carried out with trioxane. a compound of the component (b). a 
compound of the component (c). boron trifluoride diethyl etherate in 100 ppm to trioxane (2.5% benzene 
solution) and methylal or modifier, fed to a 1OOmm0. UD = 10 twin screw continuous mixer S4 kr C 
Kneader" (product of Kurimoto Ltd.). The polymerization temperature was controlled to about 60 C by 
feeding hot water to the jacket and the speed of revolution was set at 60 rpm. The compound of the 
component (c) and methylal as a molecular weight regulator were dissolved in trioxane. Also, a preliminary 
mixing zone was provided so that the compound of the component (b) and the catalyst solution were 
preliminary admixed immediately before they were fed to the kneader. The polymer was obtained in the 

form of a white fine powder. ...... » 

To 10 kg of the powder thus obtained, a solution of 27 g of bis(1.2.2.6.6-pentamethyl-4-pipendinyl) 
sebacate dissolved in 200 ml of benzene was added to deactivate the catalyst then 10 g of calcium 
stearate and 50 g of 1.6-hexanediol bis(3-(3.5-di-t-butyl-4-hydroxyphenyl)-propionate) ("lrganox° 259 of 
Chiba-Geigy) were added, and the mixture was stirred in a Henshel mixer for 10 minutes. Using a 35 mm0, 
UD=30 twin screw extrusion machine with a vent, the obtained mixture was melted and stabilized at a 
cylinder temperature of 230* C and a vent vacuum of 5 Torr. then it was extruded into water, and by cutting, 
a polyoxymethylene copolymer was obtained in the form of pellets. Confirmation of the composition of the 
obtained polyoxymethylene copolymer was made by the 60 MHz 'H NMR (in d 2 -hexafluoroisopropanol 
solvent) For example, where glycidyl phenyl ether was used as the compound of the component (c). there 
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were detected a multiplet signal particular to phenyl group at 5 6.9-7.6 (ppm) in addition to a signal of 
methylene group at 54.3-5.2 (ppm), and so the copolymer was confirmed to be a glycidyl phenyl ether 
copolymer. Further, by the integration ratio, it was confirmed that the components were copolymerized 
according to the amounts of addition. 

The copolymers compositions and physical properties of the polyoxymethyiene multi-copolymers thus 
obtained are shown in Table 1. From Table 1, it is apparent that the polyoxymethyiene multi-copolymers 
according to the present invention have distinguished injection moldability and mechanical properties. 
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o Preparation of polyoxymethylene resin POM-1 

To a twin screw extruder type polymerization machine (25 mm0 I7D = 10.2) were introduced trioxane 
(450 g/h), 1,3-dioxolane (14 g/h), 100 ppm of boron trrfluoride diethyl etherate (2.5% benzene solution) for 

s trioxane and 500 ppm of ethylal, and continuous polymerization was carried out. The polymerization 
temperature was controlled to about 75* C by feeding hot water to the jacket, and the speed of revolution 
was set 100 rpm. Ethylal as a molecular weight regulator was dissovled in trioxane. Also, in order that 1.3- 
dioxolane and the catalyst solution would be preliminarily mixed with each other immediately before they 
were fed to the kneader. a preliminary mixing zone was provided. The polymer was obtained in the form of 

10 a white fine powder in an amount of 445 g/h. 

To 1kg of the fine powder thus obtained, a solution of 2.7 g of bis(1.2.2.6.6-pentamethyl-4-p.pendinyl) 
sebacate dissolved in 20 ml of benzene was added, and the mixture was stirred in a Henshel mixer for 10 
minutes to deactivate the catalyst, then 5 g of Ciba-Geigy's "Irganox" 245 or triethylene glycol bis(3-(3-t- 
butyl-5-methyl-4-hydroxyphenyl)propionate. 1 g of calcium stearate and 1 g of melamine were added. The 

75 mixture was heated with agitation at 210* C for 10 minutes, and POM-1 was obtained. 



o Preparation of polyoxymethylene resin POM-2 

20 With polymerization carried out similarly to POM-1. the polymer discharged from the kneader was 
introduced into a 3% aqueous solution of ammonia and stirred. The polymer was filtered off and washed 
with water, then with acetone. Thereafter, it was introduced into a 10% aqueous solution of ammonia and 
then heated with agitation in an autoclave at 150* C for 3 hours. After cooling to room temperature, the 
polymer was filtered out. washed with water then with acetone and dried, and POM-2 was obtained. 



25 



o Preparation of polyoxymethylene resin POM-3 

n-Hexane was charged to a 30 cm diameter. 3 m depth polymerization vessel having stirring vanes and 
ao a formaldehyde supply nozzle provided on the bottom. Dissolving 0.5 part by weight of d.-n-butylt.n 
dimaleate in this, formaldehyde gas was introduced through the supply nozzle. The formaldehyde gas was 
provided by heat decomposition of paraformaldehyde at 140 to 180 C and upon purificatoon, and I rt was 
introduced at a rate of 1.5 kg/h. The temperature in the polymerization vessel was adjusted to 50 C with 
cold or hot water fed to the jacket In the polymerization vessel, there were gradually produced fine 
as polymeric particles, but the polymer slurry was discharged, while the catalytic solution (n-hexane) was fed. 
so that the polymeric solid component was maintained at about 50% by weight The withdrawn polymer 
was filtered out. washed thoroughly with water, then introduced in about 10 times its volume of acetic 
anhydride. Then, adding sodium acetate in an amount of 0.1% by weight of acetic anhydride, the mixture 
was heated at 139* C for 5 hours, with agitation. When the reaction mixture cooled to room temperature, the 
40 polymer was filtered out. washed thoroughly with acetone and water, then dried, and POM-3 was obtained. 
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o Preparation of polyoxymethylene multi-copolymer (B) 

Polymerization was carried out similarly to POM-1 except for the addition of another copolymers unit, 
namely a compound of component (c), and a polyoxymethylene multi-copolymer (B) was obtained. 
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o Preparation of cross-linked POM 

Except that 1 ,4-butanediol diglycidyl ether was additionally included, the polymerization was carried out 
similarly to POM-2, and a cross-linked POM was obtained. 

All of the Reference Examples contained POM-1, but References 6 and 7 contained respectively no and 
too little multj-copolymer (B), references 8-10 contained, in place of multi-copolymer (B), a copolymer 
containing only components (a) and (b) (reference 8). a multi-copolymer in which component (c) was 
replaced by 1 ,4-butanediol diglycidyl ether, ie cross-linked POM (reference 9) and talc (reference 10). 

Melting and kneading were carried out at 220 to 240* C with a 45mm0, UD = 31.5 twin screw extruding 
machine with a vent used. The nature and proportions of amounts of component (c) of the multi-copolymer 
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(B) blended into the resin compositions of Examples 1-28, and the characteristics of the samples obtained, 
are shown in Table 2. Likewise, the nature and proportional amounts of the nucleating agent (where present) 
blended into Reference Examples 6-10, be ft a polyoxymethylene copolymer, or cross-linked POM, or talc 
(added in place of the multi-copolymer) and the characteristics of the samples obtained, are shown in Table 
5 3. Upon comparison of these Examples and Reference Examples with each other, it will be seen that the 
polyoxymethylene resin compositions having the poiyoxymethylene multi-copolymer incorporated have a 
spherulite size greatly reduced and the crystallization temperature elevated by about 2 to 8*C and are 
distinguished in their mechanical strength and surface appearance. 
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Claims 

1. A polyoxymethylene multi-copolymer obtainable by copolymerization of 

(?) aHeTst one cyclic ether or formal chosen from ethylene oxide. 1 .3-dioxolane, 1.3-dioxepane. 1.3.5- 

trioxepane and 1 ,3,6-trioxocane, and 

( c ?* least one compound chosen from g.ycidyl phenyl ether, styrene oxide and glyc.dyl "aphthy e*er 
which said multi-copolymer contains spherulites, characterised in that the number average molecu^ 
weight of said polyoxymethylene multi-copolymer is from 10.000 to 100.000. that the melfng pent (Tm) 
and crystallization temperature (Tc) thereof are governed by the relationship 
Tm -Tc < 15 (*C) 

and that the spherulites are of a size of 10 um or less. 
2 A polyoxymethylene multi-copolymer according to claim 1. wherein the copolymenc amount of the cychc 
ether o, ■ tainal component (b) is 0.01 to 20 parts by weight for 100 parts by we.ght of the tnoxane 

"r P Xymethylene multi-copolymer according to claim 2. wherein the copolymenc amount of the cyclic 
ether or formal component (b) is 0.1 to 7 parts by weight form 100 parts by we.ght of the tnoxane 

"rpTyoxymethylene multi-copolymer according to any preceding Cairn wherein <>» o^7> 
of the component (c) is 0.001 to 10 parts by weight for 100 parts by weight of the tnoxane component (a) 
n ilyoxymethylene multi-copolymer according to claim 4. wherein the copolymenc amount of the 
component (c) is 0.01 to 5 parts by weight for 100 parts by weight of a tnoxane component (a). 
6. A polyoxymethylene resin composition comprising: 

tx\ 100 Darts bv weiqht of a polyoxymethylene polymer; and 

(B) 0.00? to 100 parts by weight of a polyoxymethylene multi-copolymer obtainable by copolymenzing 

Ib/at 0 least one cyclic ether or formal compound chosen from ethylene oxide. 1 .3-dioxolane. 1.3- 
dioxepane. 1 ,3.5-trioxepane and 1 ,3,6-trioxocane, and nanht h»i 
(c) at least one compound chosen from giycidyl phenyl ether, styrene ox.de and glyc.dyl naphthyl 

7 A polyoxymethylene resin composition according to claim 6. wherein the number average molecular 
weiqht of the polyoxymethylene multi-copolymer is from 10.000 to 100.000. 

8. A polyoxymethylene resin composition according to claim 6 or 7. where.n the ^^^ ^ 
crystallization temperature (Tc) of the polyoxymethylene multi-copolymer are m a relationship of Tm Tc 

I 5 A polyoxymethylene resin composition according to claim 6. 7 or 8. wherein the polyoxymethylene multi- 
coDOlvmer has spherulites of a size of 10 am or less. . „„i„„ v 

5Ta polyoxymethyl resin composition according to any one of claims 6 to 9. wherem the polyox- 
vmethylene polymer is an oxymethyiene homopolymer. _ . Q 

VL A polyoxymethylene composition according to any one of claims 6 to 9 wherem the 
polymer is a copolymer comprising 85% by weight or more of an oxymethyiene unrt or unrts and 15/. by 
weight or less of any oxyalkylene unit or units having 2 to 8 adjacent carbon atoms. .„ 
A molded product of a polyoxymethylene multi-copolymer having spherulites charactensed m that sa.d 
polyoxymethylene muitj-copolymer is obtainable by copolymenzing 

IblTteas't one cyclic ether or formal compound chosen from ethylene oxide. 1 ,3-dioxolane, 1,3- 

^f^^Z^^ ether, styrene oxide and giycidyl naphthyl etje, 
hat the number average mo.ecu.ar weight of said po.yoxymethy.ene mu^»po^ «s from MO.0O0 to 
100,000. that the melting point (Tm) and crystallization temperature (Tc) thereof governed by the 
relationship 
Tm - Tc < 15 (*C) 

and that the size of the spherulites is lOum or less. 
13 A moulded product according to claim 12, wherein the molding is an extrusion molding. 
14. A molded product according to claim 12. wherein the molding is an injection molding. 
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15. A molded product of a polyoxymethylene resin composition comprising 

(A) 100 parts by weight of a polyoxymethylene polymer, and 

(B) 0.001 to 100 parts by weight of a polyoxymethylene multi-copolymer obtainable by copolymerizing 

(a) trioxane, 

(b) at least one cyclic ether or formal compound chosen from ethylene oxide, 1 ,3-dioxoiane, 1,3- 
dioxepane, 1 .3.5-trioxepane and 1 ,3,6-trioxocane and 

(c) at least one compound chosen from glycidyl phenyl ether, styrene oxide and glycidyl naphthyl 
ether. 

16. A molded product according to claim 15, wherein the molding is an extrusion molding. 

17. A molded product according to claim 15, wherein the molding is an injection molding. 
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® Polyoxymethylene multi-copolymer and its resin composition. 



® A polyoxymethylene multi-copolymer having 
spherulites and obtainable by copolymerizing 

(a) trioxane, 

(b) at least one cyclic ether or formal compound 
chosen from ethylene oxide, 1 ,3-dioxolane, 1,3- 
dioxepane, 1 ,3,5-trioxepane and 1 ,3,6-trioxocane, 
and 

(c) at least one compound chosen from glycidyl 
phenyl ether, styrene oxide and glycidyl naphthyl 

CO ether, is characterised in that the number average 
^ molecular weight of said polyoxymethylene multi- 

copolymer is from 10,000 to 100,000, that the 
CO melting point (Tm) and crystallization temperature 
^ (Tc) thereof ar governed by the relationship, 
^ Tm-Tc<15(*C) 

and that the siz of the spherulites is 10 urn or 
*f less. 

q and a resin composition comprising such a polyox- 
ymethylene multi-copolymer and a polyox- 

2] ymethylene resin, are distinguised in their crystal- 
linity, mechanical strength and surface appearance 
and are particularly suited for faster cycle molding. 
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